IntroductIon
The wood of broad-leaved trees in dry state is, according to the European standard E N 1 4 9 6 1 -1 (2010) on solid biofuels, characterized by an average lower heating value (Q d n = 18.9 MJ.kg -1 ), high share of volatile combustibles, and low ash content (A d = 0.3%).
In the last three decades, significant effort has been exerted in Central Europe to increase the production of wood biomass for energy purposes by establishing numerous plantations of short rotation coppices with the production of wood biomass reaching annually at least 10 t in dry state per 1 ha.
According to Va r g a , G o d ó (2002), J a n d a č k a et al. (2007) , T r e n č i a n s k ý et al. According to the method of the plantations establishment and the growing period of trees, the plantations of fast-growing trees are divided into plantations with harvest time under 5 years (mini rotation), 5-10 years (midi rotation), and 10-20 years (maxi rotation) (S i m a n o v , 1995). The goal of the dendromass production on plantations with the 10-20-year harvest time is the production of fibre for cellulose, paper industry and plywood, feedstock for chipboards, and branches for chips for the energy sector.
Green wood chips made of dendromass from trees grown on plantations are a two-component biofuel consisting of juvenile wood and juvenile bark. The objective of the study was to determine the energetic and environmental properties of green wood chips made of Salix viminalis, clones Inger, Tordis, Sven, RAPP, and ORM. The following properties were investigated: share of bark in wood chips, elementary chemical composition of the combustibles of wood chips, ash content in dry mass of the biofuel, lower heating value of the biofuel, and concentration of nitrogen oxides in combustion products.
MAtErIAL And MEtHodS
Samples of green wood chips (juvenile wood and juvenile bark), which were used to determine the energetic properties of individual clones, were taken from In the present paper, energetic properties of wood chips of the species Salix viminalis (clones Inger, Tordis, Sven, RAPP and ORM) were determined, namely the share of bark in chips, chemical composition of combustibles of chips, ash content in dry mass of biofuel, and lower heating value. Green wood chips made of dendromass from plantations consist of juvenile wood and juvenile bark. The share of juvenile bark in green wood chips of the analyzed clones of willow is X B = 17.16 ± 1.12%. The nitrogen content in green wood chips made of Salix viminalis trees grown on plantation is 3.3 times higher than the nitrogen content in the combustibles of fuelwood of Fagus silvatica, which has negative impact on the production of emissions -concentration of nitrogen oxides NOx in combustion products. The share of inorganic substances determined by the form of ash content A d = 0.94% puts the analyzed biofuel into the category of low-ash fuels. The share of bark in green wood chips of individual Salix clones was determined in a laboratory, according to the Slovak technical standard S T N 4 8 0 0 5 8 (2004) Assortments of wood -Chips and sawdust of hardwood. The share of bark in the sample was calculated using the formula:
EnErGEtIc ProPErtIES oF GrEEn Wood cHIPS
( 1) where: m B = weight of bark in the chips sample (g) m CH = weight of the chips sample (g)
The value of expanded uncertainty of determination of bark share in green wood chips at the limit of conventional statistical certainty of 95% is quantified by the formula: (2) where: u A = standard uncertaintny type A (%) u B = standard uncertaintny type B (%)
Analysis of the biofuel combustibles -samples of juvenile wood and juvenile bark of individual clones -was carried out in the Central Forestry Laboratory of the National Forestry Institute in Zvolen. The contents of carbon C daf , hydrogen H daf , and nitrogen N daf (%) in the combustible of juvenile wood and juvenile bark of selected clones was determined using an elemental analyzer FlashEA 1112 NC (Thermo Electron S.p.A., Rodano, Italy), Fig.1 . The oxygen content in the combustible of the samples was determined with the assumption of zero sulphur content (S daf = 0 (appearance in trace amounts)) in the dendromass and its combustibles, according to the following formula:
where: The concentration of the so-called fuel nitrogen oxides in combustion products released from the boiler into the atmosphere is described by the following equation (D z u r e n d a , 2004): 
where: X N = conversion rate of fuel nitrogen into nitrogen oxides NOx (-) The share of bark in analyzed samples of green wood chips of the individual species is shown in Fig. 2 .
The average value of the share of bark in green wood chips of analyzed clones of osier willows grown on plantations is X B = 17.16 ± 1.12%.
The shares of juvenile wood and juvenile bark, chemical composition of the combustible, and the ash content of individual components of green wood chips of Salix viminalis analyzed clones are shown in Table 1 .
The applied Multivariate Analysis of Variance (MANOVA) shows a significant difference in the ni- trogen contents and ash content between the juvenile wood and juvenile bark in green wood chips (P < 0.05 for all the variables). Average chemical composition of the combustible, ash content, and lower heating value of green wood chips and their components from dendromass of analyzed clones of Salix viminalis grown on plantations are shown in Table 2 .
Concentration of nitrogen oxides emitted into the air by combustion products from combustion of green wood chips of Salix viminalis in furnaces, with surplus of combustion air λ = 2.1 and conversion rate of fuel nitrogen into nitrogen oxides X N, , is shown in Fig. 3 . As reported e.g. by G u z e n d a , S w i g o n (1997) and Pl e c k a i t i n e , B u i n e v i c i u s (2011), the conversion rate of fuel nitrogen X N = 0.149 N -0,559 is an function of nitrogen conversion in fuel into oxides. Fig. 3 shows the nitrogen concentration in combustion products from combustion of wood of coniferous trees with nitrogen content in biofuel N = 0.03%, fuelwood of broad-leaved trees with nitrogen content N = 0.16% and nitrogen content in green wood chips N = 0.58%.
dIScuSSIon
The experiments dealing with the share of bark in green wood chips show that the average share of bark in chips of the individual analyzed clones of willows grown on plantations is X B = 17.16 ± 1.12%. The shares of bark in green wood chips of all clones were below the limit value X K ≤ 30% given by the Slovak technical standard STN 48 0058 (2004) . Compared to green wood chips made of dendromass from 4-to 6-year-old trees of clones grown on plantations (Max 5, Oxford, AF 2, Monviso of wood species Populus), the share of bark in analyzed chips is lower by 5% (D z u r e n d a , Z o l i a k , 2012).
The values of share of bark in biofuel -green wood chips made of trees grown on plantations with short harvest time are 1.5 to 2.6 times higher than the share of bark in dendromass of soft broad-leaved trees. This statement is in accordance with the knowledge of the dependence of share of bark on the diameter of trees This fact is negatively reflected in the increase of emission production -concentration of nitrogen oxides NOx in combustion products released into atmosphere. Concentration of NOx in combustion products from combustion of green wood chips of fast-growing willow is 1.8 times higher than the NOx concentration from combustion of fuelwood of broad-leaved trees and 3.2 times higher than the NOx concentration from combustion of fuelwood of coniferous trees (D z u r e n d a , 2008; M a c e j n ý , 2009).
A higher ash content in bark of the analyzed clones of Salix viminalis than in the wood of this species supports the known facts (Table 1) . As a new fact can be considered the determination of the ash content in dry mass of green wood chips, the value for the analyzed clones of Salix viminalis being A d = 0.94%. This value is 2-3 times higher than the value of the ash content from wood of broad-leaved trees (P e r e l y g i n , 1965; B l a ž e j , 1975; G o l o v k o v et al., 1987 ; S i m a n o v , 1995; D z u r e n d a , J a n d a č k a , 2010). Despite this fact, green wood chips from willows grown on plantations belong to the group of low-ash fuels. The lower heating value of green wood chips of analyzed clones of Salix in dry state, determined by formula (5), is Q n = 18.2 MJ.kg -1 . It is a value comparable with the lower heating values of the chips of the willow clones ORM and ULV, which have been determined from experimentally measured higher heating value reported byD z u r e n d a et al., 2009, 2010 . This value, if compared with the lower heating value of broad-leaved trees stated in E N 1 4 9 6 1 -1 (2010), is by 3.7% lower. This difference is caused by an increased content of inorganic compounds (ash) in chips made of dendromass of fast growing trees grown on plantations, as well as by the increased nitrogen content -endothermic component of the combustibles of biofuel.
concLuSIon
Based on the experimental research we may conclude that the green wood chips made of dendromass from osier willow clones Inger, Tordis, Sven, ULV, and ORM grown on plantations consist of juvenile wood and juvenile bark with the share of juvenile bark X B = 17.16 ± 1.12%. The combustibles of the green wood chips differ in chemical composition from the combustibles of the fuel wood of Fagus silvatica L. by a higher nitrogen content. The content of nitrogen -the endothermic component of the combustibles in the green wood chips made of trees grown on plantations -is 3.3 times higher than the nitrogen content in the combustibles of the fuel wood of European Beech. From the environmental aspect, this fact points to an increase of emission production -concentration of nitrogen oxides NOx in combustion products.
The content of inorganic compounds in green wood chips of analyzed willow clones (A d = 0.94%) places this biofuel into the group of low-ash fuels. The average value of the ash content in the green wood chips of the analyzed clones of Salix viminalis is 2-3 times higher than the ash content in wood of broad-leaved trees.
The lower heating value of green wood chips of the analyzed clones of Salix viminalis in dry state is Q n = 18.2 MJ.kg -1 . Compared with the lower heating value of broad-leaved trees given in the European standard E N 1 4 9 6 1 -1 (2010), it is by 3.7% lower. 
